Introduction {#S0001}
============

Thousands of traumatic limb injuries and over 1,000 lower limb amputations have resulted from Operation Enduring Freedom and Operation Iraqi Freedom.[@CIT0001] These veterans with limb amputations are relatively young and have complex comorbidity[@CIT0002] and a high rate of disability,[@CIT0001],[@CIT0003] requiring specialized types of care (eg, rehabilitation, prosthetics, and mental health support), lifelong primary care, and disease prevention.[@CIT0004]--[@CIT0008] Studies of World War II veterans documented relatively high rates of obesity, hypertension, and glucose intolerance following combat-related amputations.[@CIT0009],[@CIT0010] As a result of an increased prevalence of these cardiovascular disease (CVD) risk factors, veterans with lower limb amputation have an increased risk of cardiovascular morbidity and mortality compared with population-based controls.[@CIT0007],[@CIT0008],[@CIT0010] However, little previous research has investigated CVD risk factors following combat-related amputations in the Iraq and Afghanistan conflicts.

The present study was designed to describe CVD risk factors in a cohort of young veterans with combat-related injuries resulting in either unilateral or bilateral lower limb amputation while serving in Iran and/or Afghanistan. To partially control for factors related to the physical and emotional stress of combat injury, the control group included veterans with serious combat-related lower limb injury without amputation. All patients were identified in the Naval Health Research Center (NHRC) Expeditionary Medical Encounter Database (EMED)[@CIT0011] and, similar to our prior work, we linked members of the cohort identified in military databases to health data from the Department of Veterans Affairs (VA) national repositories.[@CIT0006],[@CIT0012]--[@CIT0014] Compared to veterans with combat-related lower limb injury, we expected a higher prevalence of CVD risk factors, including higher blood pressure and dyslipidemia, among veterans with unilateral or bilateral lower limb amputation.

Patients And Methods {#S0002}
====================

Data Sources {#S0002-S2001}
------------

The Human Subjects Review Boards at the NHRC and University of California San Diego approved this study. Details of this cohort and VA data acquisition have been previously described.[@CIT0006],[@CIT0011]--[@CIT0014] The EMED contains medical and personnel information for each casualty injured in military operations. Medical record data are obtained from casualty clinical records beginning near the point of injury. The medical data are linked to tactical, operational, and deployment-related data obtained from various other US Department of Defense databases.[@CIT0012] EMED records are reviewed by certified nurse coders at NHRC and assigned codes from the *International Classification of Diseases*, 9th Revision, Clinical Modification (ICD-9-CM), Abbreviated Injury Scale (AIS) 2005 scores, and Injury Severity Score (ISS) coding systems.[@CIT0015],[@CIT0016] Additional patient information was accessed through the VA Informatics and Computing Infrastructure, and included data from the Corporate Data Warehouse (CDW) and Managerial Cost Accounting (MCA) National Data Extracts for the years 2003 through April 2015.[@CIT0017],[@CIT0018]

Study Sample {#S0002-S2002}
------------

This cohort consisted of US service members with combat-related lower limb amputation(s) and patients without amputation who had a serious lower limb injury with an AIS score ≥3. All patients were identified in the EMED as injured in Iraq or Afghanistan conflicts from 2001 through 2008. The original cohort consisted of 800 patients. Only veterans with at least 1 year in the VA and at least two blood pressure readings were included, resulting in a final cohort of 772 individuals. The final study cohort included 184 veterans with serious limb injury without amputation, 442 veterans with unilateral lower limb amputation, and 146 with bilateral lower limb amputations.

Measures {#S0002-S2003}
--------

### Primary Outcomes {#S0002-S2003-S3001}

CVD risk factors were extracted from VA electronic data sources after the time of injury. Systolic blood pressure (SBP; normal \<140 mmHg) and diastolic blood pressure (DBP; normal \<90 mmHg) were extracted from the CDW vital signs file. Average SBP and DBP were used to estimate mean arterial pressure (MAP) based on this formula: (2DBP + SBP)/3. Serum low-density lipoprotein (LDL; normal \<140 mg/dl) cholesterol, high-density lipoprotein (HDL; normal \>45 mg/dl in men and \>55 mg/dl in women) cholesterol, and triglycerides (TG; normal fasting \<150 mg/dl) were extracted from MCA laboratory files. Serum TG (normal \<150 mg/dl) were presumed to be fasting. Because TG data were skewed, this parameter was log-transformed \[ln(TG)\] for analysis. As there is generally variation in these anthropomorphic and biochemical parameters, measures were averaged analyses.

Metabolic syndrome is a constellation of metabolic abnormities that includes SBP ≥130 mmHg, DBP ≥85 mmHg, HDL ≤40 mg/dl (≤50 mg/dl for women), TG ≥150 mg/dl, fasting blood glucose ≥100 mg/dl, and waist circumference ≥40 inches (≥35 inches for women) or a diagnosis of type 2 diabetes.[@CIT0019] Because the majority of the cohort did not have waist circumference or fasting glucose in the data sources, these variables were not used in our case definition for metabolic syndrome. Thus, metabolic syndrome was defined as a diagnosis of type 2 diabetes or as a constellation of blood pressure and lipid changes consistent with metabolic syndrome---specifically, a mean blood pressure over 130/85 mmHg or a prescription for an antihypertensive medication, a mean HDL ≤40 mg/dl (≤50 for women), and mean TG ≥150 mg/dl.[@CIT0019]

### Covariates {#S0002-S2003-S3002}

Variables from the EMED included age at injury, number of deployments, and ISS. Veterans with traumatic brain injury (TBI) were identified by ICD-9-CM codes in the following ranges: 800.00--801.99 (fractures of the vault or base of the skull), 803.00--804.99 (other unqualified and multiple fractures of the skull), 850.00--854.10 (intracranial injury, including concussion, contusion, laceration, and hemorrhage), V15.52 (personal history of TBI), 905.0 (late effects of intracranial injury with mention of skull fracture), and 907.0 (late effects of intracranial injury without skull fracture); two ICD-9-CM codes of 309.81 for posttraumatic stress disorder (PTSD) were required in order to be categorized as having PTSD. "Years within the VA" was used as a covariate to adjust for patient complexity. Average weight in kilograms was adjusted for loss of limb; below the knee amputation was assumed to be mid-calf (\~3% of body weight) and above the knee was assumed to be mid-thigh (\~11% of body weight). Body mass index (BMI) in kg/m[@CIT0002] was calculated based on adjusted weights.[@CIT0020]

Data Analysis {#S0002-S2004}
-------------

Continuous outcomes \[MAP, LDL, HDL, and ln(TG)\] were modeled separately, adjusting for the covariates described above. Because we were considering several results, models were run using the same set of covariates. The full model included all covariates; the final model included only parameters that appeared to be confounders or independent predictors with a p-value ≤0.10. Age at injury, age at data collection, and years within the VA were highly correlated therefore; therefore, only age at data collection was used as a covariate in the model. Interactions between amputation status and final model parameters were explored and models were stratified by significant effect modifiers (p≤0.05, interaction term). Similarly, logistic regression was used to model metabolic syndrome (defined above). Apart from antihypertensive medication (included in the case definition of metabolic syndrome), the same covariates were included.

Results {#S0003}
=======

Missing Data {#S0003-S2001}
------------

Our previous study identified nearly the full population of combat amputees injured in Iraq or Afghanistan between 2001 and 2008, approximately 95% of independent military counts.[@CIT0021] Of the 772 veterans included in this study, 68 (8.8%) had missing lipid data with no significant difference in missing lipid data between the amputation groups. In addition, 29 (3.7%) had missing height documentation for BMI calculation. Among those with bilateral lower limb amputation, 39 (25%) veterans had missing data on whether the amputation was above or below knee for one or both lower limbs. Given that the majority of known amputations were below the knee, BMI was adjusted based on below the knee amputation in cases where amputation level was missing.

Study Population {#S0003-S2002}
----------------

Most of the cohort was male (98%), median age at time of data collection was 34 years (range 27--59 years), with outcomes at the VA over an average of 8.1 years (standard deviation \[SD\] 1.8 years; results not shown). At the time of injury, those with unilateral lower limb amputation were significantly older (25.59, SD 5.61 years) than those with limb injury but no amputation (24.27, SD 5.04 years; *p*\<0.01). Age at injury for those with bilateral lower limb amputation (25.09, SD 5.00 years) was not significantly different from those with lower limb injury (results not shown). Other baseline characteristics of this study population by lower limb injury or amputation group are shown in [Table 1](#T0001){ref-type="table"}.Table 1Baseline Characteristics By Amputation StatusVariablesLower limb Injury (n=184)Unilateral Lower Limb Amputation\
(n=442)Bilateral Lower Limb Amputation\
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At the time of data collection, those with unilateral lower limb amputation were significantly older than those with limb injury (*p*\<0.005); average ages were 33.69 years (SD 4.99), 35.08 (SD 5.85), and 33.84 years (SD 5.21) for limb injury, unilateral lower limb amputation, and bilateral lower limb amputation, respectively. In comparison to the limb injury group, veterans with bilateral lower limb amputation had the lowest prevalence of PTSD (*p*\<0.001) but the highest prevalence of TBI (*p*\<0.001) and highest ISS (*p*=0.001). Veterans with lower limb amputation were much more likely to have sustained a blast injury (*p*\<0.001). Veterans with unilateral lower limb amputation had the longest time in the VA system (*p*\<0.05).

Univariate Results {#S0003-S2003}
------------------

Unadjusted univariate analyses comparing CVD risk factors between unilateral or bilateral lower limb amputation and lower limb injury are shown in [Table 2](#T0002){ref-type="table"}. Average MAP was higher among veterans with bilateral lower limb amputation (*p\<*0.01). Average HDL cholesterol was highest among patients without an amputation and significantly lower among those with unilateral (*p\<*0.01) and bilateral lower limb amputation (*p\<*0.001). Average TG was lowest among veterans with limb injury and significantly higher among those with unilateral (*p*\<0.01) and bilateral (*p*\<0.001) lower limb amputation. Approximately 8.70% of those without amputation had metabolic syndrome; this is comparable to a prevalence of 14.93% (*p*\<0.05) and 21.92% (*p*\<0.001) with unilateral or bilateral lower limb amputation, respectively.Table 2Univariate Cardiovascular Disease (CVD) Risk Parameters By Amputation StatusCVD Risk ParameterLower Limb InjuryUnilateral Lower Limb AmputationBilateral Lower Limb AmputationMAP, $\documentclass[12pt]{minimal}
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Linear And Logistic Regression Results {#S0003-S2004}
--------------------------------------

Amputation was modeled as an indicator variable with unilateral or bilateral lower limb amputation compared with the limb injury reference group. Adjusted changes, with 95% confidence intervals (CIs) and *p*-values, are shown in [Table 3](#T0003){ref-type="table"}. Modeling was done using the full set of covariates (described in Methods). A backward elimination was used to determine the final model, which included only covariates with a *p*-value \<0.10. Results from both full and final models are presented in [Table 3](#T0003){ref-type="table"}.Table 3Multivariable Linear Regression: Change For Cardiovascular Disease Risk ParametersIndependent variableFull Model Coefficients Change (95% CI)Final Model Coefficients Change (95% CI)**MAP**Lower limb injuryReferenceReference Unilateral lower limb amputation0.03 (−1.02 to 1.25)0.11 (−1.02 to 1.25) Bilateral lower limb amputation1.88 (0.35--3.41)\*1.71 (0.23--3.20)\***LDL**Lower limb injuryReferenceReference Unilateral lower limb amputation2.13 (−3.47 to 7.73)2.18 (−3.26 to 7.61) Bilateral lower limb amputation2.90 (−4.73 to 10.53)1.18 (−5.70 to 8.06)**HDL**Lower limb injuryReferenceReference Unilateral lower limb amputation−2.13 (−4.08 to −0.19)\*−2.12 (−4.05 to −0.19)\* Bilateral lower limb amputation−5.23 (−7.87 to −2.59)\*\*\*−5.64 (−8.19 to −3.09)\*\***ln(TG)**Lower limb injuryReferenceReference Unilateral lower limb amputation0.10 (0.002--0.19)\*0.10 (0.002--0.019)\* Bilateral lower limb amputation0.20 (0.07--0.33)\*\*0.20 (0.08--0.33)\*\*\*[^5][^6]

Mean Arterial Pressure {#S0003-S2005}
----------------------

Compared with the limb injury group, there was no significant difference in MAP among veterans with unilateral lower limb amputation. However, there was a 1.71 mmHg increase in MAP (95% CI: 0.23--3.20) among veterans with bilateral lower limb amputation. Though not detailed in [Table 3](#T0003){ref-type="table"}, use of an antihypertensive medication (*p*\<0.001), age (*p\<*0.01), male gender (*p\<*0.05), higher BMI (*p\<*0.001), and alcohol use (*p\<*0.05) were all associated with a significantly higher MAP. A diagnosis of TBI was associated with a lower MAP (*p*\<0.001). There was no statistically significant evidence of collinearity or effect of medication (results not shown).

Low-density Lipoprotein, High-density Lipoprotein, And Triglycerides {#S0003-S2006}
--------------------------------------------------------------------

There were no significant differences in LDL between unilateral or bilateral lower limb amputation groups and patients with limb injury ([Table 3](#T0003){ref-type="table"}). Statin use (*p\<*0.001) and age (*p\<*0.05) were significantly associated with a higher LDL (results not shown).

Compared with the limb injury group, there was a significant 2.12 mg/dl decrease in HDL (95% CI: −4.05 to −0.19) among those with unilateral lower limb amputation and a 5.64 mg/dl decrease in HDL (95% CI: −8.19 to −3.09) among those with bilateral lower limb amputation. Fish oil use (*p\<*0.05), male gender (*p\<*0.01), a diagnosis of PTSD (*p\<*0.05), tobacco use (*p\<*0.05) and BMI (*p\<*0.001) were all associated with lower HDL; alcohol use was associated with a higher HDL (*p\<*0.01; results not shown).

Triglycerides, modeled as ln(TG), were significantly higher among veterans with either unilateral or bilateral lower limb amputation than among the limb injury controls. There was a 0.10 increase in ln(TG) (95% CI: 0.002--0.19) with unilateral and a 0.2 increase (95% CI: 0.08--0.33) with bilateral lower limb amputation. Use of antihypertensive medications, statins, or fish oil and increasing BMI were associated with significantly higher TG levels (*p\<*0.001 for all). There was no evidence of collinearity or effect of medication for LDL, HDL, or TG models (results not shown).

Metabolic Syndrome {#S0003-S2007}
------------------

Odds ratios for the prevalence of metabolic syndrome defined a diagnosis of type 2 diabetes or a constellation of blood pressure and lipid changes consistent with metabolic syndrome are shown in [Table 4](#T0004){ref-type="table"}. There was a 2.25-fold increase (95% CI: 1.19--5.05) in the odds of metabolic syndrome with bilateral lower limb amputation ([Table 4](#T0004){ref-type="table"}). Age (*p\<*0.001), tobacco use (*p\<*0.05), and BMI (*p\<*0.001) were significantly associated with increased prevalence of metabolic syndrome. There was no evidence of collinearity or effect modification (results not shown).Table 4Multivariate Logistic Regression: Prevalence Of Metabolic SyndromeMetabolic syndromeFull model OR (95% CI)Final model OR (95% CI)Lower limb injuryReferenceReference Unilateral lower limb amputation1.24 (0.66--2.36)1.29 (0.69--2.41) Bilateral lower limb amputation2.26 (1.07--4.77)\*2.25 (1.19--5.05)\*[^7][^8]

Discussion {#S0004}
==========

The present study is one of the first, to our knowledge, to document an increase in CVD-related risk factors among a contemporary cohort of veterans with combat-related lower limb amputation injured during combat in the recent wars in Iraq and Afghanistan.

Increased CVD-related mortality[@CIT0008] and an increased prevalence of CVD risk factors, including hypertension, dyslipidemia, and insulin resistance have been found in the older cohorts of veterans from World War II with traumatic lower limb amputation.[@CIT0009] Similarly, studies of Iranian[@CIT0010] and Israeli veterans[@CIT0022] with traumatic lower limb amputation have documented higher CVD risk factors, including abdominal adiposity, hyperinsulinemia and hypercoagulability, and excess mortality from CVD compared with population based norms. We observed a significant increase in mean MAP among veterans with bilateral lower limb amputation, and significantly lower HDL and higher TG among veterans with unilateral or bilateral lower limb amputation. Most notably, there was an over 2-fold increase in the prevalence of type 2 diabetes or blood pressure and lipid changes consistent with metabolic syndrome among veterans with bilateral lower limb amputation. Although there are limited data on the age-specific prevalence for metabolic syndrome among young adults, the prevalence among college students has been estimated to vary between 7% and 12%, similar to the prevalence observed here among veterans with lower limb injury without amputation.[@CIT0023],[@CIT0024]

We noted higher MAP among veterans with bilateral lower limb amputation, even after controlling for antihypertensive medication use and hypertension risk factors such as age, gender, and BMI. There are also likely to be independent effects from increased peripheral resistance and hemodynamic changes as a direct result of amputation,[@CIT0025] as well as effects related to the level of amputation, with more aberrant vascular changes resulting from more proximal occlusion of the femoral artery.[@CIT0026] In addition to vascular changes, lower limb amputation has also been shown to be associated with increased sympathetic responsiveness and attenuate adrenomedullary secretion in response to a glucose challenge.[@CIT0027] This may result in insulin resistance, a hallmark of metabolic syndrome.[@CIT0019]

The prevalence of type 2 diabetes or blood pressure and lipid changes consistent with metabolic syndrome was almost twice as high among veterans with bilateral lower limb amputation compared to the limb injury group, which was similar to the age-adjusted prevalence of 23% in an older US general population.[@CIT0028] Metabolic syndrome is a constellation of changes and includes high blood pressure, altered lipid profile characterized by high TG and low HDL cholesterol, altered glucose metabolism, insulin resistance, and type 2 diabetes.[@CIT0019] It has long been recognized as a significant risk factor for development of CVD,[@CIT0029] and may account for up to 44% of excess cardiovascular risk in the United States.[@CIT0030] Metabolic syndrome is directly mediated by abdominal adiposity, most significantly, visceral adiposity.[@CIT0019],[@CIT0031],[@CIT0032] Moreover, these changes are thought to contribute to a proinflammatory, proatherogenic state, with increases in circulating biomarkers for oxidative stress, including oxidized LDL cholesterol.[@CIT0031],[@CIT0033]

A decrease in muscle mass and an increase in weight has been recently observed among veterans within the first year of a lower leg amputation;[@CIT0034] these changes in body composition are likely to result in future metabolic changes and an increased risk of metabolic syndrome. From a primary care perspective, abdominal adiposity and/or BMI are modifiable risk factors. Because physical mobility is limited, specific lifestyle interventions, such as nutritional support[@CIT0022],[@CIT0035],[@CIT0036] and physical conditioning to reduce abdominal and visceral adiposity, will be important.[@CIT0032] However, BMI is not the best indicator for abdominal adiposity and must also be adjusted for the loss of a limb. While we adjusted for below knee or above knee amputation, level of amputation was missing for \~25% of those with bilateral lower limb amputation. Waist circumference is considered a better proxy for abdominal adiposity and a proxy measure for visceral adiposity;[@CIT0032] based on our data, this does not seem to be routinely measured in this patient population. Thus, in addition to clinical guidelines to routinely measure waist circumference, other measures for abdominal adiposity need to be developed.[@CIT0032] It should also be noted that many of the CVD risk factors are also amenable to treatment, including blood pressure control, lipid treatment, and glucose monitoring and management.[@CIT0037]

The main strength of the present study is that the majority of the EMED cohort was linked the VA CDW to analyze outcomes for an average of 8.1 years after injury[@CIT0017],[@CIT0018] We also used the EMED to carefully select controls with combat-related serious lower limb injury. This partially controlled for the physical and emotional trauma of combat-related extremity injury. Another strength is approximately 8.1 years of follow-up after injury; this relatively young cohort can now be studied going forward and be expanded to include more recently injured veterans. As this cohort ages, we expect increasing blood pressure and increasing levels of dyslipidemia and type 2 diabetes based on data from previous conflicts.[@CIT0029]--[@CIT0033],[@CIT0037] Although PTSD is thought to be a risk factor for CVD,[@CIT0038] this variable had no significant association with any of the CVD risk factors studied here. Given that this is a young cohort, whether an association may be observed as the cohort matures remains to be determined.

Limitations {#S0005}
===========

The EMED consists of veterans injured during combat, so results presented here may not be generalized to civilian cohorts or to patient populations with limb injury or amputation as a result of medical comorbid disease, such as diabetes, or other trauma. Because the CVD outcomes data are somewhat limited at this time, we used average measures instead of a repeated measures analysis. This approach is internally valid for the purpose of this study within the VA system. While veterans with a unilateral lower limb amputation had the longest follow-up period, the number of lipid and blood pressure measurements were not significantly different between the three groups (results not shown). The increase in MAP by amputation status is small (\<2 mmHg), corresponding to relatively small changes in SBP or DBP. It has been well-documented that the risk of CVD-related disease and death is directly related to blood pressure in middle-aged populations.[@CIT0039] While this change in MAP may not be clinically relevant, change may increase over time and warrants further study. The definition of metabolic syndrome was based on administrative data sources and not direct measures for insulin resistance, which include fasting insulin levels and formal glucose challenge testing. Several of the parameters used to define metabolic syndrome, including fasting glucose and waist circumference, were not readily available. Whether this underestimated the prevalence of metabolic syndrome is not clear.

Conclusions {#S0006}
===========

Although the results are exploratory at this time, we found an increased prevalence of CVD risk factors, including higher MAP, lower HDL, and higher TG levels among these veterans with lower limb amputations than among veterans with serious lower limb injury but no amputation. The prevalence of type 2 diabetes or blood pressure and lipid changes consistent with metabolic syndrome was also most pronounced among veterans with bilateral lower limb amputation. These results warrant further study and support implementation guidelines, including routine waist circumference measurements; active management of blood pressure, lipids, and obesity; and nutritional, emotional, and lifestyle support to ameliorate CVD risk.
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